We investigted the association between rice burning and daily asthma hospilizaions in Butet County,aiia, m 1983 to 1992. Eighty;.two percent of planted rice was burned, with a mean of 555 acres burned on days when burning was pe d. For Previous research has raised concern over the role that particulate air pollution plays in the exacerbation of asthma. Recent studies have suggested that respirable particulate pollution (PM1O) is significantly associated with increased pulmonary morbidity and mortality at levels well below current federal standards (1, 5 . We were concerned with a problem specific to California-the postharvest burning of waste rice stubble, with the subsequent production of respirable particulates and its possible contribution to asthma hospitalizations.
The practice of burning field stubble and waste rice straw has been occurring annually in the Sacramento Valley of California since the 1920s, when farmers began relying on fire to rid their fields of waste straw that was difficult to plow under in heavy, wet fields (3) . Today, burning is still seen as the most cost-effective method of clearing waste stubble from fields in preparation for the succeeding plantitg season, in addition to being the method of choice for controlling stem-rot disease of rice, which can severely decrease crop yield (4) . A major problem with rice straw burning is the emission of smoke and other pollutants into the atmosphere and their effects on ambient air quality and public health. One study has shown that burning 1 ton of dry rice straw emits about 7 pounds of particulate matter, 80 pounds of carbon monoxide, and 10 pounds of hydrocarbons (4) . The California Air Resources Board (CARB) estimated that from 1981 through 1994, Sacramento Valley Air Basin residents burned an average of 150,000 acres of rice per year (5) . With a 1-acre field producing 3 tons of rice straw, the amount of pollutants emitted into the atmosphere from rice burning is significant. While minimal health information regarding the effects of rice straw burning has been compiled at present, many citizen complaints and air pollution problems are reported to occur during the fall rice straw burning period, when pressure to burn acreage is at its peak and meteorological conditions are usually near their worst for smoke dispersion (4, 5) .
Prior to the 1970s, rice stubble burning was unregulated; in 1971, in response to public complaints, the state adopted rules to minimize maximum daily burn totals. In the 1980s the rice-growing industry joined with state officials to set up an air quality monitoring system to determine where and when waste rice straw fires could safely be set (6) . In 1991 the state legislature passed AB 1378, which mandated a 10% yearly reduction of rice stubble burning, with the elimination of the practice entirely by the year 2000 (7I. Since that time the annual percentage of acreage permitted to be burned has decreased as mandated; however, because yearly planted acreage has increased, the amount of acreage actually burned each year has only minimally decreased. Presently, the state legislature is being asked to consider a request by rice growers who are asking for a temporary freeze on the annual allowable percentage of rice stubble burned, citing economic hardship. This decision needs to be made using more information regarding the health effects related to the inhalation of emissions from rice smoke.
We reviewed the possible effects of rice burning on asthma hospitalizations in Butte County, California, a rural county with the largest population (182,000) by the 1990 Census (8) 
Materials and Methods
Daily astuna hospitalization information was compiled using 1983-1992 discharge data tapes from the Califomia Office of Statewide Health Planning and Development (OSHPD) (9) . The data elements gathered included age, race, and sex of each patient and the day, month, and year admitted for only those discharges from Butte County hospitals with the principal diagnosis of asthma (International Classification ofDiseases, (1) where E(Y) denotes the expected number of hospital admissions by day (i), Xi is the matrix of covariates stratified by day, and 3 is the estimated regression coefficient.
The basic Poisson regression model analyzed the association between daily counts of admission to all of the five Butte County hospitals and either an individual air quality parameter (03, CO, PM10, or COH) or rice burn acreage. The basic model controlled for temperature (modeled as a continuous variable) because asthma exacerbations have been shown to be affected by both heat and cold (15) . The basic model also controlled for seasonal effects using indicator variables to account for potential confounders (i.e., pollen), which may not be adequately controlled by temperature, because numerous countries including the United States have described seasonal increases in both emergency room visits and hospital admissions (16, 17) . The county's population grew by approximately 25% over the 10- The peak months for admission during this period were January through March, with approximately 30% of all admissions. Admissions slowed in the warmer summer months (less than 6% of total admissions/month) and then began to rise in the fall. Yearly admissions peaked in 1989 with a population-adjusted rate of 177.3 admissions/100,000 population.
Monthly rice burn acreage was observed relative to air pollution parameters to determine whether pollution parameters could be used as proxies for rice burning ( Table  2 ). All air pollutants were poorly correlated with rice burn acreage, with no Spearman rank correlation (22) for any pair higher than 0.06. Ozone levels were strongly correlated with maximum daily temperature (0.74), carbon dioxide levels were strongly correlated with daily COH levels (0.72), and COH values were strongly correlated with daily PMI0 levels (0.81). (Fig. 2) , we observed a dose-response effect as acreage burned increased. Days with the greatest acreage burned (>499 acres) had the largest risk of hospitalization (RR = 1.23; CI, 1.09-1.39), but days when 100-499 acres were burned also had a statistically significant increased risk of admission (RR= 1.2; CI, 1.05-1.37).
Discussion
While this study suggests that rice burning may be associated with increased asthma hospitalizations, potential intermediates (PM10) were poorly correlated with daily Environmental Health Perspectives * Volume 105, Number 9, September 1997 Articles -Jacobs et al. Based on the data from this study, approximately 70,000 acres of rice stubble is burned annually in Butte County. Prior studies have shown that substantial amounts of particulate pollution are generated from rice burning, which is taken up by the atmosphere and transported by the wind in thick, acrid clouds of smoke (4) . CARB tracks smoke complaints from the public during the intensive fall burning period. From 1981 From through 1984 , the days with smoke-related complaints averaged over 40% (5) . While this study failed to demonstrate a statistically significant relationship between rice burn acreage and pollution parameters, the high proportion of smokerelated complaints suggests that some Butte County residents are exposed to the smoke and that air pollution monitoring may not accurately reflect the actual exposures in the population.
Limited studies have been published in the medical literature analyzing the effect of rice burning on pulmonary health, although it has been suggested that rice straw smoke produces an irritant effect to the upper airways (4 found to be 2.6% (PAR = 1-1/x II; l/r, where x = the total number of asthma cases and r = each of the relative risks for admission by burn acreage strata) (24) . Dividing the total number of asthma hospitalizations in Butte County by the period of the study (2361/10) and multiplying by the PAR (2.6%), we see that approximately six asthma cases/year could be attributable to rice burning. While this number is relatively small, it is important to realize that the majority of individuals who may be affected by rice burning may never become sufficiently ill to require hospitalization. These individuals may include those who regard rice smoke as a nuisance and complain to the air board or are silent about this problem. Those with respiratory or cardiac disease may increase the frequency of their medications during burning episodes, visit their regular physicians, or present at the emergency department without being observed in the OSHPD hospital discharge data base.
Our data suggests that while CARB regulations have been effective in mitigating the problem of air pollution caused by rice burning on the basis of monitoring data analysis, it is less clear that these regulations are as effective in preventing hospitalizations for asthma when hospitalizations are analyzed by actual acreage burned.
Conclusion
Increases in rice straw burn acreage were shown to contribute to hospital admissions for asthma in Butte County, California, during a decade of observation. Rice burn acreage was not correlated to air pollution parameters monitored by CARB in limited parts of the county. These pollution parameters were not associated with increases in asthma hospitalizations. The time-series method, although insensitive compared to traditional case-control methods, demonstrated an apparent association between acres burned and daily asthma admissions. Additionally, a dose-response effect was seen, with the risk of asthma hospitalization increasing as the number of acres burned increased. Future studies should attempt to better clarify exposure perhaps using exposure models broken down by zip code areas. In addition, future studies may consider using visits to emergency rooms or local physicians' offices as a better indicator of respiratory exacerbations. While the use of hospitalization data was considerably easier in terms of time spent extracting records and cheaper in terms of cost, it may have underestimated the number of those affected with asthma because there are many fewer hospitalizations for asthma than visits to emergency rooms.
